ウズ ショウゲキハ ソウゴサヨウ ニヨル ウズド ノ セイセイ ランリュウ ノ コウゾウ ト トウケイ ホウソク by 三浦, 英昭 & 木田, 重雄
Title渦:衝撃波相互作用による渦度の生成(乱流の構造と統計法則)
Author(s)三浦, 英昭; 木田, 重雄












) Lee et al. [2, 3, 4], Kida and Orszag [5, 6, 7]
Ribner Linear Interaction Approximation









892 1995 157-179 157
2.1
3
$\frac{\partial\rho}{\partial t}$ $=$ $- \frac{\partial(\rho u_{i})}{\partial x_{i}}$ ,
$\frac{\partial(\rho u_{i})}{\partial t}+\frac{\partial(pu_{i}u_{j})}{\partial x_{j}}$ $=$ $- \frac{\partial p}{\partial x_{i}}+\frac{2}{R_{e}}\frac{\partial}{\partial x_{j}}\{$ $S_{ij}- \frac{1}{3}$ $( \frac{\partial u_{k}}{\partial x_{k}})\}+\rho F_{i}$,
$\frac{\partial E_{T}}{\partial t}$ $=$ $- \frac{\partial}{\partial x_{i}}[(E_{T}+p)u_{i}]+\frac{1}{M_{0}^{2}P_{r}R_{e}(\gamma-1)}\triangle T$
$+ \frac{2}{R_{e}}\frac{\partial}{\partial x_{i}}\{u_{j}[S_{ij}-\frac{1}{3}\delta_{ij}(\frac{\partial u_{k}}{\partial x_{k}})]\}+\rho u_{i}F_{i}$














































8 1 $(q_{1}, q_{2}, q_{3})$
$r=R$
$e_{1},$ $e_{2}$ , e3 1, $h_{2},$ $h_{3}$
$(\rho^{(1)},$ $p^{(1)}$ , u(l) $)$ $(\rho^{(2)}, p^{(2)}, u^{(2)})$
$\rho^{\langle 2)}$ $=$ $A_{\rho}\rho^{(1)}$ ,
$p^{(2)}$ $=$ $A_{p}p^{(1)}$ ,
$u_{1}^{(2)}$ $=$ $A_{v}u_{1}^{(1)}$ ,
(2) (1)
$u_{2}$ $=$ $u_{2}$ ,
$u_{3}^{(2)}$ $=$ $u_{3}^{(1)}$
[12]
$A_{\rho}$ $=$ $(\gamma+1)M_{s}^{2}/[(\gamma-1)M_{s}^{2}+2]$ ,
$A_{p}$ $=$ $[2\gamma M_{s}^{2}-(\gamma-1)]/(\gamma+1)$ ,





$=$ $- \frac{1}{h_{1}h_{2}h_{3}}[\frac{\partial(h_{2}h_{3}\rho u_{1})}{\partial q_{1}}+\frac{\partial(h_{3}h_{1}pu_{2})}{\partial q_{2}}+\frac{\partial(h_{1}h_{2}\rho u_{3})}{\partial q_{3}}]$ , (2)
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$\frac{\partial u_{1}}{\partial t}=-[\sum_{j}\frac{u_{\dot{j}}}{\text{ _{}j}}\frac{\partial u_{1}}{\partial q_{\dot{J}}}+\frac{u_{2}}{\text{ _{}1}h_{2}}(u_{1}$ $+$ $(u_{1} \frac{\partial \text{ _{}1}}{\partial q_{3}}- u_{3}\frac{\partial \text{ _{}3}}{\partial q_{1}})]$
$- \frac{1}{ph_{1}}\frac{\partial p}{\partial q_{1}}$ (3)
$\frac{\partial u_{2}}{\partial t}=-$ [ $\sum_{j}\frac{u_{j}}{h_{j}}\frac{\partial u_{2}}{\partial q_{j}}+$ -u3-$\partial\partial$ q23) $+$ -ul-$\partial\partial$ q21)]
$\frac{\partial u_{3}}{\partial t}=-\frac{\partial u_{3}}{\partial q_{j}}+\frac{u_{1}}{\text{ _{}3}\text{ _{}1}}(u_{3}\frac{\partial \text{ _{}3}}{\partial q_{1}}u_{1}\frac{\partial \text{ _{}1}}{\partial q_{3}})+\frac{u_{2}}{h_{2}h_{3}}(u_{3}\frac{\partial h_{3}}{\partial q_{2}}- u_{2}\frac{\partial h_{2}}{\partial q_{3}})]_{(5)}^{(4)}\frac{\partial p}{\partial t}=^{-\frac{1}{\rho\rho \text{ _{}3}h_{1}\text{ }[\sum_{j1}^{h_{2}}1}\frac{\partial p}{\partial q_{2}\partial\frac{u_{j}}{\partial p\text{ _{}j}q_{3}’}}}-\frac{\frac\frac}{2\text{ }3}[\frac{\partial(h_{2}\text{ _{}3}pu_{1})}{\partial q_{1}}+\frac{\partial(\text{ _{}3}\text{ _{}1}pu_{2})}{\partial_{2}}+\frac{\partial(\text{ _{}1}\text{ _{}2}pu_{3})}{\partial q_{3}}]-$
,
-( l)p[ $\partial$ ( ) $+\partial$ ( ) $+$–$\partial$ ( $\partial$lq 32u3)], (6)
$\partial u^{(1)}/\partial q_{i}=0(i=1,2,3)$
$\frac{\partial u_{1}^{(1)}}{\partial q_{1}}$
$=$ $-( \frac{u_{2}^{(1)}}{\text{ _{}2}}\frac{\partial h_{1}}{\partial q_{2}}+\frac{u_{3}^{(1)}}{\text{ _{}3}}\frac{\partial \text{ _{}1}}{\partial q_{3}})$ , (7)
$\frac{\partial u_{2}^{(1)}}{\partial q_{1}}$
$=$
$\frac{u_{1}^{(1)}}{h_{2}}\frac{\partial h_{1}}{\partial q_{2}}$, (8)
$\frac{\partial u_{3}^{(1)}}{\partial q_{1}}$
$=$
$\frac{u_{1}^{(1)}}{\text{ _{}3}}\frac{\partial h_{1}}{\partial q_{3}}$ , (9)
$\frac{\partial u_{1}^{(1)}}{\partial q_{2}}$
$=$
$\frac{u_{2}^{(1)}}{\text{ _{}1}}\frac{\partial h_{2}}{\partial q_{1}}$ , (10)
$\frac{\partial u_{2}^{(1)}}{\partial q_{2}}$
$=$ $-( \frac{u_{3}^{(1)}}{h_{3}}\frac{\partial \text{ _{}2}}{\partial q_{3}}+\frac{u_{1}^{(1)}}{h_{1}}\frac{\partial \text{ _{}2}}{\partial q_{1}}I,$ (11)
$\frac{\partial u_{3}^{(1)}}{\partial q_{2}}$
$=$
$\frac{u_{2}^{(1)}}{\text{ _{}3}}\frac{\partial h_{2}}{\partial q_{3}}$ , (12)
$\frac{\partial u_{1}^{(1)}}{\partial q_{3}}$
$=$
$\frac{u_{3}^{(1)}}{\text{ _{}1}}\frac{\partial h_{3}}{\partial q_{1}}$ , (13)
$\frac{\partial u_{2}^{(1)}}{\partial q_{3}}$
$=$
$\frac{u_{3}^{(1)}}{h_{2}}\frac{\partial \text{ _{}3}}{\partial q_{2}}$ , (14)
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$\frac{\partial u_{3}^{(1)}}{\partial q_{3}}$
$=$ $-( \frac{u_{1}^{(1)}}{h_{1}}\frac{\partial \text{ _{}3}}{\partial q_{1}}+\frac{u_{2}^{(1)}}{h_{2}}\frac{\partial \text{ _{}3}}{\partial q_{2}})$ (15)
$\rho^{(1)},$ $p^{(1)}$
$\partial\rho^{(1)}/\partial q_{1}=0$ , $\partial\rho^{(1)}/\partial q_{2}=0$ , $\partial\rho^{(1)}/\partial q_{3}=0$ ,
$\partial p^{(1)}/\partial q_{1}=0$ , $\partial p^{(1)}/\partial q_{2}=0$ , $\partial p^{(1)}/\partial q_{3}=0$
J M (1) $q_{1},$ $q_{2},$ $q_{3}$ (7),(10) $,(13)$
$\frac{\partial M_{s}^{2}}{\partial q_{1}}$ $=$ $- \frac{2M_{s}^{2}}{u_{1}^{(1)}}(\frac{u_{2}^{(1)}}{h_{2}}\frac{\partial h_{1}}{\partial q_{2}}+\frac{u_{3}^{(1)}}{\text{ _{}3}}\frac{\partial \text{ _{}1}}{\partial q_{3}})$ (16)
$\frac{\partial M_{s}^{2}}{\partial q_{2}}$ $=$
$\frac{2M_{s}^{2}u_{2}^{(1)}1\partial h_{2}}{(1)\text{ _{}1}\partial q_{1}}$ , (17)
$u_{1}$




$\frac{\partial u_{1}^{(2)}}{\partial q_{2}}=$ $\frac{\partial A_{v}}{\partial q_{2}}u_{1}^{(1)}+A_{v}\frac{u_{2}^{(1)}}{\text{ _{}1}}\frac{\partial h_{2}}{\partial q_{1}}$ ,
$\frac{\partial u_{1}^{(2)}}{\partial q_{3}}=$ $\frac{\partial A_{v}}{\partial q_{3}}u_{1}^{(1)}+A_{v}\frac{u_{3}^{(1)}}{h_{1}}\frac{\partial h_{3}}{\partial q_{1}}$ ,
$\frac{\partial u_{2}^{(2)}}{\partial q_{2}}=$
$-( \frac{u_{3}^{(1)}}{\text{ _{}3}}\frac{\partial \text{ _{}2}}{\partial q_{3}}+\frac{u_{1}^{(1)}}{h_{1}}\frac{\partial \text{ _{}2}}{\partial q_{1}})$ ,
$\frac{\partial u_{2}^{(2)}}{\partial q_{3}}=$ $\frac{u_{3}^{(1)}\partial \text{ _{}3}}{h_{2}\partial q_{2}}$ ,
$\frac{\partial u_{3}^{(2)}}{\partial q_{2}}=$ $\frac{u_{2}^{(1)}}{\text{ _{}3}}\frac{\partial \text{ _{}2}}{\partial q_{3}}$ ,
$\frac{\partial u_{3}^{(2)}}{\partial q_{3}}=$
$-( \frac{u_{1}^{(1)}}{\text{ _{}1}}\frac{\partial h_{3}}{\partial q_{1}}+\frac{u_{2}^{(1)}}{\text{ _{}2}}\frac{\partial \text{ _{}3}}{\partial q_{2}}I$ ,
162
$\frac{\partial\rho^{(2)}}{\partial q_{2}}$ $=$ $\frac{\partial A_{\rho}}{\partial q_{2}}\rho^{(1)}$ ,
$\frac{\partial p^{(2)}}{\partial q_{3}}$ $=$ $\frac{\partial A_{\rho}}{\partial q_{3}}\rho^{(1)}$ ,
$\frac{\partial p^{(2)}}{\partial q_{2}}$ $=$ $\frac{\partial A_{p}}{\partial q_{2}}p^{(1)}$ ,
$\frac{\partial p^{(2)}}{\partial q_{3}}$ $=$ $\frac{\partial A_{p}}{\partial q_{3}}p^{(1)}$ .
(2) $-(6)$ $\partial u_{2}^{(2)}/\partial q_{1},$ $\partial u_{3}^{(2)}/\partial q_{1}$
$\partial u_{1}^{(2)}/\partial q_{1},$ $\partial p^{(2)}/\partial q_{1},$ $\partial p^{(2)}/\partial q_{1}$
$\frac{\partial u_{1}^{(2)}}{\partial q_{1}}$
$=$ $\frac{2}{\gamma+1}[\frac{1+3M_{s}^{2}}{1-M_{s}^{2}}][\frac{u_{2}^{(1)^{2}}\partial \text{ _{}2}}{h_{2}u_{1}^{(1)\partial q_{1}}}+\frac{u_{3}^{(1)^{2}}\partial h_{3}}{\text{ _{}3}u_{1}^{(1)\partial q_{1}}}]-[\frac{u_{2}^{(1)}}{\text{ _{}2}}\frac{\partial \text{ _{}1}}{\partial q_{2}}+\frac{u_{3}^{(1)}}{\text{ _{}3}}\frac{\partial \text{ _{}1}}{\partial q_{3}}]$
$+$ $\frac{2}{\gamma+1}[\frac{2\gamma M_{s}^{2}-(\gamma-1)}{(\gamma+1)M_{s}^{2}}][\frac{u_{1}^{(1)}}{h_{2}}\frac{\partial h_{2}}{\partial q_{1}}+\frac{u_{1}^{(1)}}{\text{ _{}3}}\frac{\partial \text{ _{}3}}{\partial q_{1}}]$ , (19)
$\frac{\partial u_{2}^{(2)}}{\partial q_{1}}$
$=$ $\frac{(\gamma-1)M_{s}^{2}+\cdot 21\partial \text{ _{}1}}{(\gamma+1)M_{s}^{2}\text{ _{}2}\partial q_{2}}u^{(1)}$
$-$ $\frac{2}{\gamma+1}[\frac{(\gamma-3)M_{s}^{2}+(\gamma+5)}{(\gamma-1)M_{s}^{2}+2}]\frac{1}{\text{ _{}2}}\frac{\partial \text{ _{}2}}{\partial q_{1}}u_{2}^{(1)}$ , (20)
$\frac{\partial u_{3}^{(2)}}{\partial q_{1}}$
$=$ $\frac{(\gamma-1)M_{s}^{2}+21\partial h_{1}}{(\gamma+1)M_{s}^{2}h_{3}\partial q_{3}}u_{1}^{(1)}$
$-$ $\frac{2}{\gamma+1}[\frac{(\gamma-3)M_{s}^{2}+(\gamma+5)}{(\gamma-1)M_{s}^{2}+2}]\frac{1}{\text{ _{}3}}\frac{\partial \text{ _{}3}}{\partial q_{1}}u_{3}^{(1)}$, (21)
$\frac{\partial u_{1}^{\langle 2)}}{\partial q_{2}}$
$=$ $[ \frac{(\gamma-1)M_{s}^{2}-2}{(\gamma+1)M_{s}^{2}}]\frac{1}{\text{ _{}1}}\frac{\partial \text{ _{}2}}{\partial q_{1}}u_{2}^{(1)}$ , (22)
163
$\frac{\partial u_{2}^{(2)}}{\partial q_{2}}=-\frac{1}{h_{1}}\frac{\partial h_{2}}{\partial q_{1}}u_{1}^{(1)}-\frac{1}{\text{ _{}3}}\frac{\partial h_{2}}{\partial q_{3}}u_{3}^{(1)}$ ,
$\frac{\partial u_{3}^{(2)}}{\partial q_{2}}=$
–






$\partial\partial$ q23u31 $)$ ,
$\frac{\partial u_{3}^{(2)}}{\partial q_{3}}=-\frac{1}{\text{ _{}1}}\frac{\partial \text{ _{}3}}{\partial q_{1}}u_{1}^{(1)}$
- $\text{ ^{}u_{2}^{1)}}$ ’
$\frac{\partial\rho^{(2)}}{\partial q_{1}}=-\frac{2M_{s}^{2}}{(\gamma-1)M_{s}^{2}+2}(\frac{1}{h_{2}}\frac{\partial \text{ _{}2}}{\partial q_{1}}+\frac{1}{\text{ _{}3}}\frac{\partial \text{ _{}3}}{\partial q_{1}}I^{\rho^{(1)}}$
$\frac{2(\gamma+1)M_{s}^{4}[3(\gamma-1)M_{s}^{4}-(\gamma-3)M_{\text{ }}^{2}+2(\gamma+2)]}{(M_{s}^{2}-1)[(\gamma-1)M_{\text{ }}^{2}+2]^{3}}$
$\cross$ $( \frac{1}{h_{2}}\frac{\partial \text{ _{}2}}{\partial q_{1}}\frac{u_{2}^{(1)^{2}}}{u_{1}^{(1)^{2}}}+\frac{1}{\text{ _{}3}}\frac{\partial \text{ _{}3}}{\partial q_{1}}\frac{u_{3}^{(1)^{2}}}{u_{1}^{(1)^{2}}}I^{\rho^{(1)}}$ ,
$\frac{\partial\rho^{(2)}}{\partial q_{2}}=\frac{4(\gamma+1)M_{\text{ }}^{2}\partial h_{2}p^{\langle 1)}u_{2}^{(1)}}{[(\gamma- 1)M_{s}^{2}+2]^{2}\text{ _{}1}\partial q_{1u_{1}^{(1)}}}$
$\frac\frac{\partial\rho^{(2)}}{\partial p^{(2)},\partial q_{1}\partial q_{3}}$
$\frac{}{\frac{- l(\gamma- 4(\gamma}{\gamma}\frac{2\gamma}{2\gamma\gamma++1}}\frac{1)M^{\frac{\rho^{(1)}u_{3}^{(1)}}{+5)Mu_{1}^{(1)}-(\frac{1}{1)\text{ _{}2}s2}}}[(4\gamma(\gamma-)]_{s}^{2}1+[\frac{1)M_{s}^{2}2\gamma M_{s}^{2}-- 1)\text{ ^{}+2J^{2^{\frac{1}{\text{ _{}1}(\gamma}\frac{\partial \text{ _{}3}}{\partial q_{1}}}}}2}{- 2)M_{s}^{4}+(\gamma(M_{s}^{2}- 1)l(\gamma(\gamma+1)}]\frac{\partial \text{ _{}2}}{M_{\text{ }}\partial q_{1}-}+\frac{1}{h_{31}}\frac{\partial \text{ _{}3}}{\partial q_{1M}})}{2+2J}p^{(1)}$


















$\lim_{M_{s}arrow 1}\frac{\partial\rho^{(2)}}{\partial q_{i}}=M.arrow 1\lim_{q}\frac{\partial\rho^{(1)}}{\partial q_{i}}(i=1,2,3)$
$M_{s} arrow 1\lim_{\vee}\frac{\partial\rho^{(2)}}{\partial q_{i}}=\lim_{M_{s}arrow 1}\frac{\partial}{\partial q_{i}}A_{\rho}\rho^{(1)}(i=1,2,3)$
$\lim\underline{\partial M_{\text{ }}^{2}}=0(i=1,2,3)$
$M_{s}arrow 1\partial qi$
$\nearrowo$ $M_{\text{ }}arrow 1$ (16)$-(18)$
$\text{ _{}+}$ $=q$ (34)
$\frac{u_{2}^{(1)}}{\text{ _{}1}}\frac{\partial \text{ _{}2}}{\partial q_{1}}=0$ , (35)
$\text{ _{}\frac{\partial \text{ _{}3}}{\partial q_{1}}=0}$ (36)
$(q_{1}, q_{2}, q_{3})$
$q_{2},$ $q_{3}$
2 $u_{2}^{(1)}$ 3 $g_{u_{3}^{(1)}}$
3 $g_{u_{3}^{(1)}}$
1. $u_{2}^{\langle 1)}=0,u_{3}^{\langle 1)}=0$ ,
2. $u_{2}^{(1)}\neq 0,$ $u_{3}^{(1)}=0,$ $\partial \text{ _{}2}/.\partial q_{1}=0,$ $\partial \text{ _{}1}/\partial q_{2}=0$
2 (19),(28) $,(31)$ $M_{\text{ }}^{2}-$











$=$ $- \frac{4(M_{s}^{2}-1)^{2}1\partial \text{ _{}3}}{(\gamma+1)M_{s}^{2}[(\gamma-1)M_{s}^{2}+2]\text{ _{}1}\text{ _{}3}\partial q_{1}}u_{3}^{(1)}$
$\omega_{3}$ $=$ $\frac{4(M_{s}^{2}-1)^{2}}{(\gamma+1)M_{s}^{2}[(\gamma-1)M_{\text{ }}^{2}+2]h_{1}h_{2}\partial q_{1}}u_{2}$




$=$ $\omega_{1}^{(2)}e_{1}+\omega_{2}^{(2)}e$ $+\omega_{3}^{(2)}e_{3}$ ,
$\nabla p^{(2)}$ $=$ $\frac{1}{\text{ _{}1}}\frac{\partial p^{(2)}}{\partial q_{1}}e_{1}+\frac{1}{\text{ _{}2}}\frac{\partial p^{(2)}}{\partial q_{2}}e_{2}+\frac{1}{\text{ _{}3}}\frac{\partial p^{(2)}}{\partial q_{3}}e_{3}$,
$\nabla p^{(2)}$ $=$ $\frac{1}{h_{1}}\frac{\partial\rho^{(2)}}{\partial q_{1}}e_{1}+\frac{1}{h_{2}}\frac{\partial\rho^{(2)}}{\partial q_{2}}e_{2}+\frac{1}{\text{ _{}3}}\frac{\partial p^{(2)}}{\partial q_{3}}e_{3}$
$\omega^{(2)}\cdot\nabla p^{(2)\text{ }}$ $\omega^{(2)}\cdot\nabla\rho^{(2)}$
$\omega^{(2)}\cdot\nabla p^{(2)}$ $=$ $0$ , (37)
$\omega^{(2)}\cdot\nabla\rho^{(2)}$ $=$ $0$ (38)
$\frac{\nabla\rho^{(2)}\cross\nabla p^{(2)}}{\rho^{(2)^{2}}}$ $=$ $\frac{1}{h_{2}\text{ _{}3}\rho^{(2)^{2}}}(\frac{\partial\rho^{(2)}}{\partial q_{2}}\frac{\partial p^{\langle 2)}}{\partial q_{3}}-\frac{\partial\rho^{(2)}}{\partial q_{3}}\frac{\partial p^{(2)}}{\partial q_{2}}Ie_{1}$
$+$ $\frac{1}{\text{ _{}3}\text{ _{}1}p^{(2)^{2}}}(\frac{\partial\rho^{(2)}}{\partial q_{3}}\frac{\partial p^{(2)}}{\partial q_{1}}-\frac{\partial\rho^{(2)}}{\partial q_{1}}\frac{\partial p^{\langle 2)}}{\partial q_{3}})e_{2}$
$+$ $\frac{1}{h_{1}\text{ _{}2}\rho^{(2)^{2}}}(\frac{\partial\rho^{(2)}}{\partial q_{1}}\frac{\partial p^{(2)}}{\partial q_{2}}-\frac{\partial\rho^{(2)}}{\partial q_{2}}\frac{\partial p^{(2)}}{\partial q_{1}})e_{3}$
$=$ $B_{2}^{(2)}e_{2}+B_{3}^{(2)}e_{3}$ ,
1: $k$
$B_{2}^{(2)}$ $=$ $\frac{1}{\text{ _{}3}\text{ _{}1}^{2}}\frac{\partial \text{ _{}3}}{\partial q_{1}}$ $( \frac{\gamma p^{(1)}u_{3}^{(1)}}{\rho^{(1)}u_{1}^{(1)}})(\frac{2}{\gamma+1})^{3}\{\frac{(\gamma-1)(M_{s}^{2}-1)^{2}}{M_{\text{ }}^{2}}(\frac{1}{\text{ _{}2}}\frac{\partial \text{ _{}2}}{\partial q_{1}}+\frac{1}{\text{ _{}3}}\frac{\partial \text{ _{}3}}{\partial q_{1}})$
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$-$ $( \gamma^{2}-1)\frac{(3M_{s}^{2}+1)(M_{s}^{2}-1)}{[(\gamma-1)M_{\text{ }}^{2}+2]}(\frac{1}{h_{2}}\frac{\partial h_{2}}{\partial q_{1}}\frac{u_{2}^{(1)^{2}}}{u_{1}^{(1)^{2}}}+\frac{1}{h_{3}}\frac{\partial \text{ _{}3}}{\partial q_{1}}\frac{u_{3}^{(1)^{2}}}{u_{1}^{(1)^{2}}})\}$
$B_{3}^{(2)}$ $=$ $- \frac{1}{\text{ _{}2}\text{ _{}1}^{2}}\frac{\partial \text{ _{}2}}{\partial q_{1}}(\frac{\gamma p^{(1)}u_{2}^{(1)}}{\rho^{(1)}u_{1}^{(1)}})(\frac{2}{\gamma+1})^{3}\{\frac{(\gamma-1)(M_{s}^{2}-1)^{2}}{M_{s}^{2}}(\frac{1}{\text{ _{}2}}\frac{\partial \text{ _{}2}}{\partial q_{1}}+\frac{1}{\text{ _{}3}}\frac{\partial \text{ _{}3}}{\partial q_{1}})$
$-$ $( \gamma^{2}-1)\frac{(3M_{s}^{2}+1)(M_{s}^{2}-1)}{[(\gamma-1)M_{s}^{2}+2]}(\frac{1}{\text{ _{}2}}\frac{\partial h_{2}}{\partial q_{1}}\frac{u_{2}^{(1)^{2}}}{u_{1}^{(1)^{2}}}+\frac{1}{\text{ _{}3}}\frac{\partial h_{3}}{\partial q_{1}}\frac{u_{3}^{(1)^{2}}}{u_{1}^{(1)^{2}}})\}$,














$u_{2}$ $=$ $u_{2}$ ,
(1)
$u_{3}$ $=$ $u_{3}$ ,
$\rho$ $=$ $\rho^{(1)}+D_{\rho}$ $(R-q_{1})$ ,
$p$ $=$ $p^{(1)}+D_{p}$ $(R-q_{1})$ ,
$\ovalbox{\tt\small REJECT}$ $=$ $u_{1}^{(2)}-u_{1}^{(1)}=- \frac{2}{\gamma+1}(1-\frac{1}{M_{\text{ }}^{2}})u_{1}^{(1)}$ ,
$D_{\rho}$ $=$ $\rho^{(2)}-\rho^{(1)}=\frac{2(M_{s}^{2}-1)}{(\gamma-1)_{1}\mathcal{V}l_{s}^{2}+2}p^{(1)}$ ,
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$D_{p}$ $=$ $p^{(2)}-p^{(1)}= \frac{2\gamma}{\gamma+1}(M_{\text{ }}^{2}-1)p^{(1)}$,
$(x)$
$(x)=\{\begin{array}{ll}1 (x>0)1/2 (x=0),0 (x<0)\end{array}$
$\delta$(
$\omega_{1}$ $=$ $0$ ,
$\omega_{2}$ $=$ $- \frac{4(M_{\text{ }}^{2}-1)^{2}1\partial h_{3}}{(\gamma+1)M_{s}^{2}[(\gamma-1)M_{s}^{2}+2]h_{1}\text{ _{}3}\partial q_{1}}u_{3}^{(1)}$ $(R-q_{1})$
$\omega_{3}$ $=$ $\frac{4(M_{s}^{2}-1)^{2}1\partial \text{ _{}2}}{(\gamma+1)M_{\text{ }}^{2}[(\gamma-1)M_{\text{ }}^{2}+2]\text{ _{}1}\text{ _{}2}\partial q_{1}}u_{2}^{(1)}$ $(R-q_{1})$
$(B_{1}, B_{2}, B_{3})$
$B_{1}$ $=$ $0$ ,
$B_{2}$ $=$ $\frac{8\gamma(\gamma-1)M_{\text{ }}^{2}(M_{s}^{2}-1)^{2}}{(\gamma+1)^{2}[(\gamma-1)M_{s}^{2}+2]^{2}}\frac{\rho^{(1)}p^{(1)}u_{3}^{(1)}}{[\rho^{(1)}+D_{\rho}\text{ }(R-q_{1})]^{2}u_{1}^{(1)}}\frac{1}{\text{ _{}1}^{2}\text{ _{}3}}\frac{\partial \text{ _{}3}}{\partial q_{1}}$ $(R-q_{1})\delta(R-q_{1})$ ,
$\ovalbox{\tt\small REJECT}$ $=$ $- \frac{8\gamma(\gamma-1)M_{s}^{2}(M_{s}^{2}-1)^{2}\rho^{(1)}p^{(1)}u_{2}^{(1)}}{(\gamma+1)^{2}[(\gamma-1)M_{\text{ }}^{2}+2]^{2}[\rho^{(1)}+D_{\rho}\text{ }(R-q_{1})]^{2}u_{1}^{(1)}}\frac{1}{\text{ _{}1}^{2}h_{2}}\frac{\partial \text{ _{}2}}{\partial q_{1}}$ $(R-q_{1})\delta(R-q_{1})$
$q_{1}$ $[R-, R+]$
$B_{1}dq_{1}$ $=$ $0$ ,
$\int_{R-}^{R+}B_{2}dq_{1}$ $=$ $\frac{4\gamma(\gamma-1)M_{\text{ }}^{2}(M_{s}^{2}-1)^{2}u_{3}^{(1)}p^{\langle 1)}}{(\gamma+1)^{2}(\gamma M_{s}^{2}+1)^{2}u_{1}^{(1)}\rho^{(1)}}\frac{1}{\text{ _{}1}^{2}h_{3}}\frac{\partial h_{3}}{\partial q_{1}}$ ,
$\int_{R-}^{R+}B_{3}dq_{1}$ $=$ $\frac{4\gamma(\gamma-1)M_{\text{ }}^{2}(M_{s}^{2}-1)^{2}u_{2}^{(1)}p^{\langle 1)}}{(\gamma+1)^{2}(\gamma M_{s}^{2}+1)^{2}u_{1}^{(1)}\rho^{(1)}}\frac{1}{\text{ _{}1}^{2}h_{2}}\frac{\partial h_{2}}{\partial q_{1}}$
$\frac{\int_{R-}^{R+}B_{2}dq_{1}}{\int_{R-}^{R+}B_{3}dq_{1}}=-\frac{u_{3}^{\langle 1)}(\partial \text{ _{}3}/\partial q_{1})\text{ _{}2}}{u_{2}^{(1)}(\partial \text{ _{}2}/\partial q_{1})h_{3}}$
(39)
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